T he aetiology of multiple sclerosis (MS) remains obscure, but its remarkable global distribution may provide a clue to part of its causation. Among Europeans who have settled in North America, South Africa, Australia, and New Zealand there is a close relation between the prevalence of the disease and distance from the equator. 1 2 In North America MS is more common in Canada and the northern states of the USA than in the southern states, while in the southern hemisphere there is a regular gradation in the prevalence of MS in the opposite direction-from south to north. 2 These findings led to the suggestion that ''the more sunshine there is in a climate the less MS there appears to be'' and the hypothesis that ''such an influence could conceivably act directly, a certain skin dose of sunshine per unit time protecting the individual in some way''. 2 One of the sun associated factors that showed a strong inverse correlation with MS in North American studies was lack of winter sunshine. 1 3 This suggests that a minimum exposure throughout the year may be necessary to confer protection. Recent work has suggested that, as a mechanism, solar radiation might be one of the factors that influence the development of MS through an effect on the immune system. 3 It is generally accepted that the direct effect of solar radiation on skin is an important cause of skin cancer in fair skinned people. Most squamous and basal cell carcinomas in fair skinned people occur on sun exposed skin and are related to affected individuals' cumulative dose of solar radiation. Solar keratoses commonly precede the development of squamous cell carcinoma. There is also strong evidence that solar radiation contributes to the aetiology of melanoma of the skin in some way, but the association with duration of exposure to sunlight is less linear than that for the epithelial skin cancers. The association with melanoma may be related, in part, to intermittent, recreational sun exposure.
If solar radiation protects against MS, people with MS might have a lower than average risk of skin cancer. We tested this hypothesis using data from the Oxford record linkage study (ORLS). 4 
METHOD
The ORLS includes brief statistical abstracts of records of all hospital admissions (including day cases) in National Health Service (NHS) hospitals, and all deaths regardless of where they occurred, in defined populations within the former Oxford NHS region, from 1 January 1963 to 31 March 1999. The hospital data were collected routinely in the NHS as hospital discharge statistics. They exclude patients treated in the private sector. The data about deaths were obtained by the ORLS from death certificates. Data collection covered two health districts from 1963 (population 850 000), six districts from 1975 (population 1.9 million) and all the eight districts of the region from 1987 (population 2.5 million). The data for each person were linked together routinely as part of the Oxford region's health information systems.
The MS cohort was obtained by selecting records of people aged 15 years and over with an admission for MS. The admission date was that of the first recorded admission for MS. It is not necessarily the first ever admission, which could have occurred outside the area covered by the database or before the start of the database. A reference cohort was constructed by similarly selecting records of people aged 15 years and over who had been admitted for various medical and surgical conditions. This was drawn from a standard ''reference'' group of patients that has been used in other studies of inter-relations between diseases. 4 We identified any subsequent inpatient or day case care for skin cancers, and for all cancers, in these cohorts. We considered that the cancer rates in the reference cohort would approximate to those in the general population of the region while permitting for migration from it (data on migration of people were not available). The International Classification of Diseases (ICD) codes in ICD7, ICD8, ICD9, and ICD10 used for MS were, respectively, 345, 340, 340, and G35. The codes The people in the comparison cohort were matched with those in the MS cohort on age (within five years), sex, district of residence, and calendar year of first admission. We calculated rates based on person years at risk, accumulating person years in the strata defined by age, sex, district, and calendar year. We took date of entry into each cohort as date of first admission for MS or comparison condition, and date of exit as date of subsequent admission for skin cancer, death, or 31 March 1999, whichever was the earliest. For each age-sex-district-year stratum the ratios of cancer rates in the MS cohort were calculated relative to those in the reference cohort. These ratios were then summed across strata to give an overall rate ratio. Its confidence interval, and x 2 statistics for its significance, were calculated as described. 5 We divided the cases of skin cancer into two groups: malignant melanoma (ICD10 code C43 and its equivalents in earlier revisions of the ICD) and other skin cancers (C44 and equivalents). We calculated rate ratios for each type of skin cancer. In this calculation, for the few patients with records of both types we selected the cancer that was recorded first. The significance of the difference between the rate ratios for each type of skin cancer was assessed by a x 2 test of heterogeneity.
To test the specificity of the occurrence of skin cancer in people with MS, we used the same analytical procedure to study other cancers in the MS cohort. To test the specificity of MS, as a chronic disease, and any deficit of skin cancer, we also calculated the rate ratios for skin cancer in people with other chronic diseases with an autoimmune component, or with other neurological diseases. Table 1 shows the age distribution of the patients with MS. There were 5004 patients in the MS cohort and over 430 000 in the reference cohort (table 2). The mean age at first admission and average length of follow up for the MS cohort were similar to those for the other cohorts. Ten cases of skin cancer were recorded among the MS patients giving it a rate ratio of 0.49, significantly lower than one (table 2) . Restricting the analysis to malignant melanoma gave four cases and a non-significant rate ratio of 0.91 (95% confidence interval: 0.25 to 2.34, p = 0.97). Restricting to other skin cancer gave six cases and a significant rate ratio of 0.38 (0.14 to 0.82; p = 0.02). Although the two rate ratios appear to differ, they were based on small numbers and had wide confidence intervals. The x 2 test for heterogeneity showed that the difference between them could be attributed to chance (x 2 = 1.9, df = 1, p = 0.16). Cancer rates overall were not low in the MS cohort: in fact, they were slightly raised with a rate ratio of 1.15 (1.01 to 1.31: p = 0.03; based on 243 cancers in the MS cohort). The two other groups, those comprising other autoimmune or neurological disorders, had rate ratios for skin cancer that were close to one (table 2).
RESULTS

DISCUSSION
Our findings are based on observational data and so there is potential for bias and confounding. Potential sources of bias include the following. Firstly, the data only include people who were admitted to hospital as inpatients or day cases. Secondly, the group of patients with MS, and each group with the other conditions studied, includes prevalent as well as incident cases and may therefore selectively include those with long survival times. Thirdly, there could be potential bias in referral patterns for cancer in people with MS: for example, there might be increased medical surveillance, and a higher rate of detection of and/or referral for cancer, for people with MS than others. Fourthly, it is possible that people who develop a chronic condition such as MS might subsequently spend less, or more, time in the sun than others. These possibilities of bias were part of our reasoning for considering all cancers and not just skin cancer in people with MS, and for studying skin cancer in people with other Key points N The aetiology of multiple sclerosis is unknown, but its prevalence increases with distance from the equator in both hemispheres.
N Exposure to solar radiation is one possible factor that might influence its development.
N We investigated whether skin cancer, as a marker of individual exposure to solar radiation, was less common in people with multiple sclerosis than others.
N It was less common. N Our finding adds to ecological evidence that solar radiation may have a protective influence on the development of multiple sclerosis. chronic conditions. The facts that the deficit was specific to skin cancer and MS, and that the study was undertaken to test the single a priori hypothesis that sun exposure might protect against MS, add strength to our finding. It is also noteworthy that the association between MS and nonmelanoma skin cancers was stronger than that between MS and melanoma, albeit not significantly different from it. The association between sun exposure and skin cancer is itself stronger for non-melanoma skin cancer than for melanoma. The underlying pathology of MS is that in susceptible people an initiating event, often probably a virus infection, leads to an autoimmune process that destroys myelin tissue. 6 7 It has been postulated that solar radiation, and in particular ultraviolet radiation, modulates the processes between the initiating event, the autoimmune response, and the development of MS. 6 7 Possible mechanisms for the action of ultraviolet radiation include suppressor effects on the immune system, perhaps mediated via changes to vitamin D 3 or melatonin production. McMichael and Hall 6 7 and van der Mei et al 8 have discussed possible mechanisms in detail.
In a recent ecological study of MS and climate data in Australia, geographical variation in MS prevalence was found to be closely associated with variation in regional levels of measured ultraviolet radiation. 8 The correlation between age standardised MS prevalence and mean annual levels of ultraviolet radiation in different Australian locations was -0.91 (p,0.01). The Australian study also showed significant and strong inverse correlations between the geographical distribution of melanoma incidence and that of MS prevalence. In a recent study in the United States, residential and occupational exposure to sunlight was compared in two large samples of people who had died respectively from MS and non-melanoma skin cancer. 9 As expected, mortality from skin cancer was positively associated with both categories of exposure to sunlight: the odds ratio for the combined effect of residential and occupational exposure in the highest compared with the lowest sunlight exposure category was 1.38 (95% CI 1.12 to 1.69). By contrast, MS was negatively associated with sunlight exposure: the odds ratio for the combined effect in the highest sunlight exposure category was 0.24 (95% CI 0.15 to 0.38).
As far as we know, ours is the first study to provide evidence about MS and a marker of solar radiation at an individual patient level as distinct from a population level.* In conclusion, our cohort study adds to the ecological and occupational evidence from previous studies that solar radiation influences the processes that underlie the development of MS. Table 2 Number of patients in each cohort, number with skin cancer, and adjusted ratio of the rate of skin cancer in each cohort relative to that in the reference cohort (with 95% confidence intervals on the rate ratio) *Since acceptance of this paper, another study giving similar findings on the same hypothesis has been published. 
